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Abstract 
 
Raman spectroscopy at 298 and 77 K has been used to characterise alunites  
[M2(Al 3+)6(SO4)4(OH)12 ] where M is the monovalent cations K+, Na+, NH4+. The 
minerals are characterised by well defined hydroxyl stretching patterns which give 
two groups of hydrogen bonds with calculated hydrogen bond distances of 2.90 and 
2.84-7 Å. The Raman spectrum of alunites shows an intense sharp band at 1026 cm-1 
which is cation dependent. Multiple bands attributed to the ν4 bending mode are 
observed around 655 cm-1 showing a reduction in sulphate symmetry from D53d to C3v. 
This symmetry reduction is confirmed by the observation of multiple bands in the 480 
to 508 cm-1 region ascribed to ν2 bending modes.  Intense bands are observed at 563 
cm-1 (K-alunite) 576 cm-1 (Na-alunite) and 564 cm-1 (H3O+alunite) assigned to an OH 
deformation vibrations. 
Intense bands are observed at 235 cm-1 (K-al), 238 cm-1 (Na-al) and 235 cm-1 (NH4-
al) attributed is to OH…O hydrogen bond stretching. Raman spectroscopy enables the 
differentiation between the alunites synthesised with different cations. 
 
Key words: alunite, natroalunite, ammonioalunite, jarosite, Raman spectroscopy, 
sulphate 
 
Introduction 
 
 Interest in the chemistry of alunites stems from a number of reasons. Firstly 
because of the possible discovery of alunites on Mars [1, 2].  Such a find implies the 
presence of water on Mars either at present or at some time in the planetary past [3, 
4].  Interest in such minerals and their thermal stability rests with the possible 
identification of these minerals and related dehydrated paragenetically related mineral 
on planets and on Mars. There have been many studies on related minerals such as the 
Fe(II) and Fe(III) sulphate minerals [5-10].  Secondly alunites are found in soils and 
evaporate deposits. The importance of alunite formation and its decomposition 
depends upon its presence in soils, sediments and evaporate deposits [11]. These types 
of deposits have formed in acid soils where the pH is less than 3.0 pH units [12]. Such 
acidification results from the oxidation of pyrite which may be from bacterial action 
or through air-oxidation. Thirdly alunites are important from an environmental point 
of view. Alunites are minerals which can function as collectors of heavy metals and 
low concentrations can be found in the natural alunites. Such minerals can act as a 
significant environmental sink [13].  One of the difficulties associated with the 
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analysis of alunites is that they are often poorly crystalline, making detection using 
XRD techniques difficult.  Another problem associated with the study of alunites is 
their thermodynamic stability [14].  Often the minerals are formed from acid-sulfate 
rich environments such as acid mine drainage and acid-sulfate soils and as such their 
solubility is controlled by the climatic conditions in particular the temperature. 
 
 Alunites are a group of minerals which form part of the alunite supergroup 
[15].  The general formula is given by DG3(TO4)2(OH,H2O)6 where the D sites are 
occupied by monovalent cations such as K, Na, NH4, H3O+ and others, divalent 
cations such as Ca, Ba, Sr, Pb, trivalent cations for example Bi; and G is the trivalent 
cation either Al of Fe3+ ; and T is S6+, As5+ or P5+.  Alunites can be divided into 
alunites and jarosites simply depending on whether the concentration of Al is >Fe 
(alunites) or Fe> Al (jarosites) [14]. Of course solid solution formation can exist 
across a wide range of concentrations and substitutions. Common members of the 
alunite group are alunite KAl3(SO4)2(OH)6, natroalunite NaAl3(SO4)2(OH)6, 
ammonioalunite NH4Al3(SO4)2(OH)6, sclossmacherite (H3O+,Ca2+)Al3(SO4)2(OH)6.  
The structure of alunites is well known [16-18].  The structure of alunites is trigonal 
with a 6.990, c 16.905 Å space group R 3m, with Z = 3.   
 
 There have been a significant number of vibrational spectroscopic studies of 
alunites [19-26].  The number of Raman studies have been few [27-29]. According to 
S. D. Ross the infrared spectrum of alunite consists of the ν1 mode at 1030 cm-1, the ν2 
mode at 475 cm-1, the ν3 mode at 1170, 1086 cm-1 and the ν4 mode at 632 and 605  
cm-1 [30].  The observation of multiple bands for the ν3 and ν2 modes implies the 
symmetry of the sulphate is reduced from Td ⇒  C3v.   Indeed vibrational 
spectroscopy has been used to refine the space group of alunites [31].  Isomorphism in 
alunites has been studied by infrared spectroscopy [21]. Vibrational spectroscopy 
allows a better method for the study of these minerals. Infrared spectroscopy has been 
used to study jarosite minerals but failed to detect cationic differences in the jarosite 
structures [27, 32-36].  Raman spectroscopy has been used to study jarosites but some 
previous studies failed to study the complete spectra [27, 33, 37].   Further the lack of 
crystallinity of the synthetic samples studied may have made the collection of Raman 
spectral data difficult.  Most studies have involved the use of synthetic jarosites [38].   
In this work, as part of our studies of secondary mineral formation, we report the 
comparison of the Raman spectra of natural and synthetic selected alunites. 
 
Experimental 
Minerals 
The alunites were synthesised according to the following recipes. 
 
Synthesis Procedure of Ammonium Alunite 
5.16g of (NH4)2SO4 was dissolved in 40mL of water. The solution was transferred to 
an autoclave and 3g of crystalline Al(OH)3 added over a 5 minute period. The 
autoclave was then heated to 120°C for 2 days. The crystalline white solid formed 
was collected under vacuum filtration and dried. 2.86g of the product was collected 
and this was identified by X-ray diffraction as ammonium alunite. 
 
Synthesis Procedure of Sodium Alunite 
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0.82g Na2SO4 and 5.9g Al2(SO4)3 were dissolved in 40mL of water. This solution was 
covered and heated on a hotplate at 150°C for 4 hours. The small amount of white 
precipitate was collected under vacuum and dried for 4 days. The sample was 
identified as sodium alunite by X-ray diffraction. 
 
Synthesis Procedure of Potassium Alunite 
1g of K2SO4 and 5.9g of Al2(SO4)3 were dissolved in 40mL of water. The solution 
was heated at 150°C in an autoclave for 19 hours.  A white crystalline precipitate was 
collected and dried under vacuum. The sample mass was 0.93g. The product was 
identified by X-ray diffraction as potassium alunite. 
 
X-ray diffraction 
 
X-ray diffraction (XRD) patterns were recorded using CuKα radiation (n = 
1.5418Ǻ) on a Philips PANalytical X’ Pert PRO diffractometer operating at 40 kV 
and 40 mA with 0.125° divergence slit, 0.25° anti-scatter slit, between 3 and 15° (2θ) 
at a step size of 0.0167°. For low angle XRD, patterns were recorded between 1 and 
5° (2θ) at a step size of 0.0167° with variable divergence slit and 0.5° anti-scatter slit.  
 
Infrared spectroscopy 
 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer 
with a smart endurance single bounce diamond ATR cell. Spectra over the 4000−525 
cm-1 range were obtained by the co-addition of 64 scans with a resolution of 4 cm-1 
and a mirror velocity of 0.6329 cm/s.  Spectral manipulation such as baseline 
adjustment, smoothing and normalisation was performed using the GRAMS® 
software package (Galactic Industries Corporation, Salem, NH, USA).  
 
Raman spectroscopy 
 
The crystals of jarosite were placed and oriented on the stage of an Olympus 
BHSM microscope, equipped with 10x and 50x objectives and part of a Renishaw 
1000 Raman microscope system, which also includes a monochromator, a filter 
system and a Charge Coupled Device (CCD). Raman spectra were excited by a HeNe 
laser (633 nm) at a resolution of 2 cm-1 in the range between 100 and 4000  
cm-1.  Repeated acquisition using the highest magnification was accumulated to 
improve the signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of 
a silicon wafer. In order to ensure that the correct spectra are obtained, the incident 
excitation radiation was scrambled.  Previous studies by the authors provide more 
details of the experimental technique [39-42]. Spectra at temperatures other than room 
temperature were obtained using a Linkam thermal stage (Scientific Instruments Ltd, 
Waterfield, Surrey, England).  Spectral manipulation such as baseline adjustment, 
smoothing and normalisation was performed using the GRAMS® software package 
(Galactic Industries Corporation, Salem, NH, USA).  
 
 
Results and discussion 
 
X-ray diffraction 
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 The X-ray diffractograms of the K, Na and NH4 alunites are shown in Figure 
1.  The figures clearly show that the synthetic alunites are identical to the standard 
reference diffractograms. What these diffractograms also show is that the synthesised 
compounds equivalent to the natural minerals, show some amorphous or non-
diffracting material as exhibited by the broad background centred around 22 ° two 
theta.  The potassium alunite is the more crystalline compound. 
 
 One of the difficulties associated with the analysis of alunites and related 
minerals is that they are often poorly crystalline, making detection using XRD 
techniques difficult.  This is confirmed by the patterns shown in Figure 1. Another 
problem associated with the study of alunites is their thermodynamic stability.  Often 
the minerals are formed from acid-sulfate rich environments such as acid mine 
drainage and acid-sulfate soils and as such their solubility is controlled by the climatic 
conditions in particular the temperature. Whilst some powder XRD studies can be 
used to study alunites such studies are of limited value as the alunite compounds may 
be poorly diffracting and the XRD pattern will be dominated by the highly crystalline 
materials such as potassium sulphate or other minerals which are present.  Vibrational 
spectroscopy allows a better method for the study of these minerals. Infrared 
spectroscopy has been used to study alunite minerals but failed to detect cationic 
differences in the alunite structures. Raman spectroscopy may enable a better 
understanding of the structure of alunites. 
 
Raman spectroscopy 
 
Alunites like jarosites contain sulphate and hydroxyl units which lend 
themselves to study by vibrational spectroscopy. Sulphates as with other oxyanions 
are readily detected by Raman spectroscopy [42].  In aqueous systems, the sulphate 
anion is of Td symmetry and is characterised by Raman bands at 981 cm-1 (ν1), 451 
cm-1(ν2), 1104 cm-1 (ν3) and 613 cm-1 (ν4).  Reduction in symmetry in the crystal 
structure of sulphates such as alunites will cause the splitting of these vibrational 
modes. In 1937 Hendriks proposed the space group R3m for alunite [43]. Later 
studies based upon refinement of the X-ray crystallography of both synthetic and 
natural alunites and jarosites gave  the space group as R3barm with a D53d space 
group [44, 45]. Thus six sulphate fundamentals should be observed. The structure 
based upon the XRD studies of alunite is shown in Figures 2a and 2b. The symmetry 
of the sulphate may be observed. 
 
Ross in Farmer (Chapter 18) reports the results of the infrared spectra of 
(potassium) alunite [30].  Multiple ν3 (1170 and 1086 cm-1) and ν4 (632 and 605 cm-1) 
bands are observed showing the loss of symmetry in the alunite structure.  The 
symmetric stretching ν1 mode of the sulphate units was found at 1030 cm-1 and the ν2 
mode at 475 cm-1. Ross lists the OH stretching band at 3482 and three bending modes 
at 802, 780 and 605 cm-1.  Other studies of the infrared spectra of alunites have been 
undertaken [46, 47].  Many studies compared the spectra of alunites with that of 
jarosites and it was suggested that there was no cationic influence [47].   Other 
workers basically gave a catalogue of infrared spectra many of which were 
incomplete [46]. 
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 The Raman spectra at 298 and 77 K are shown in Figures 3a and 3b. The 
results of the Raman spectral analysis at 298 and 77 K are reported in Table 1.  The 
infrared spectra at 298 K are shown in Figure 4 and the results of the band component 
analysis of these spectra reported in Table 2.  The Raman spectrum of K-alunite 
shows an intense band in the 298 K spectrum at 1026.4 cm-1 with a bandwidth of 10.7 
cm-1. The band is observed at 1025.6 cm-1 with a bandwidth of 8.2 cm-1 in the 77 K 
spectrum. The infrared spectrum of K-alunite shows a complex set of overlapping 
bands with one component observed as a sharp band at 1026 cm-1. Previous studies 
suggested only a single band for the SO42- symmetric stretching mode at 1030 cm-1 in 
both the infrared and Raman spectra of alunites [27, 48].  For Na-alunite, an intense 
sharp band is observed at 1027.0 cm-1 and for ammonium alunite the band is observed 
at 1026.3 cm-1 with bandwidths of 11.4 and 6.6 cm-1. The bands shift to 1027.8 and 
1025.8 cm-1 in the 77 K spectrum.  There is an apparent shift to higher wavenumbers 
upon cooling to liquid nitrogen temperatures. Previous studies have suggested that the 
position of the symmetric stretching mode was independent of the cation [42]. 
However this work shows that the band position is cation dependent. It is proposed 
that the band position of the sulphate symmetric stretching mode is cation dependent  
 
 Raman bands for K alunite at 298 K are observed at 1228.4, 1194.2, 1158.0, 
and 1082.4 cm-1. The bands are broad with bandwidths of 54.5, 33.5, 33.0 and 15.2 
cm-1.  Bands at these wavenumbers are attributed to the ν3 antisymmetric stretching 
modes.  Infrared bands are observed at 1244, 1213, 1139 and 1082 cm-1 (Table 2). 
Serna [27] reported bands in the Raman spectrum of K-alunite at 1081 cm-1 only but 
listed infrared bands at 1225, 1165, and 1085 cm-1 [27]. The band at 1165 cm-1 was 
attributed to an OH deformation mode [27]. Such a band was not ascertained by Ross 
[30]. For sodium alunite Raman bands are observed at 1196, 1168 and 1090 cm-1. A 
previous Raman study of Na-alunite gave bands at 1166 and 1092 cm-1 [27] yet 
infrared bands were listed at 1225, 1170 and 1100 cm-1 [27].  For NH4 –alunite Raman 
bands were found at 1189, 1152 and 1078 cm-1. These results may be compared with 
the published data for a protonated alunite [27].  Raman bands for a protonated alunite 
were given as 1198, 1172 and 1091 cm-1 [27]. The position of these bands is in 
agreement with the bands for NH4-alunite. 
 
 The Raman spectra of the low wavenumber region of the synthesised alunites 
are shown in Figures 5a and 5b.  An intense band is observed at 655.3 cm-1 with a 
shoulder at 644.0 cm-1 for K-alunite, 653.6 cm-1 for Na-alunite, 655.1 for NH4-alunite.  
These bands are ascribed to the ν4 bending modes of the sulphate units in alunite. The 
bands are quite sharp with bandwidths of 11.3 cm-1 (K-al), 12.0 cm-1 (Na-al), 7.7 cm-1 
(NH4-al).  It is apparent the position of these bands is cation dependent.  Serna et al. 
reported a band at 655 cm-1 in the Raman spectrum of K-alunite, 654 cm-1 for Na-
alunite and 655 cm-1 for protonated alunite [27].  In the infrared spectra multiple 
bands are observed: For K-alunite infrared bands are observed at 676.7, 660.6, 629.6 
and 616.7 cm-1; for Na-alunite infrared bands are observed at 674.5, 657.7, 632.6 and 
618.3 cm-1 and for NH4-alunite  infrared bands are found at 689.4, 665.3 and 636.7 
cm-1.  A low intensity band is observed at 607.8 cm-1 for K-alunite and at 604.9 cm-1 
for NH4-alunite. These bands have been assigned by Ross to an OH deformation 
mode.  The band is observed at 616.7 cm-1 for K-alunite in the infrared spectrum and 
at 618.3 cm-1 for Na-alunite, 620.2 cm-1 for NH4-alunite (Figure 6).  
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In the Raman spectrum two bands are observed for K-alunite at 505, 488.2 and 
481.7 cm-1; for Na-alunite at 517, 486.2 and 485.5 cm-1 and for NH4-alunite at 508 
and 486.5 cm-1.   The bands are intense and sharp with bandwidths of 12.2 cm-1 (K-al) 
11.2 cm-1 (Na-al) 8.3 cm-1 (NH4-al).  These bands are attributed to the ν2 bending 
vibration. Serna reported a single band for K-alunite in the Raman spectrum at 389 
cm-1, 403 cm-1 for Na-alunite and 394 cm-1 for the H3O+alunite. The value for the ν2 
bending mode for sulphate in aqueous systems is 450 cm-1.  It seems the attribution of 
the bands at around 390 cm-1 by Serna et al. to the ν2 bending may not be correct.  
Serna also listed bands at 495 cm-1 (K-alunite) 485 cm-1 (Na-alunite) and 491 cm-1 
(H3O+alunite). These bands are in similar positions to the bands assigned to the ν2 
bending modes in this work. It is apparent that the assignment of bands by Serna may 
not be correct. A strong band is observed at 563 cm-1 (K-alunite) 576 cm-1 (Na-
alunite) and 564 cm-1 (H3O+alunite). These bands are assigned to an OH deformation 
vibration. The infrared spectrum displays intense bands at 582 cm-1 (K-al) 590 cm-1 
(Na-al) 584 cm-1 (NH4-al).  The bands shift upon deuteration.  Serna et al. reported 
bands at 602 cm-1 (K-alunite) 600 cm-1 (Na-alunite) and 600 cm-1 (H3O+alunite) and 
assigned bands in the infrared spectrum to OH deformation modes.  
 
Intense bands are observed at 235 cm-1 (K-al), 238 cm-1 (Na-al) and 235 cm-1 
(NH4-al).  The bands are sharp with band widths of 14.5, 13.1 and 7.7 cm-1 
respectively. Serna et al. observed bands at 241, 245 and 243 cm-1 for the K-alunite, 
Na-alunite and H3O+alunite and attributed these bands to AlO stretching vibrations. A 
more likely attribution is to OH…O hydrogen bonds. Raman bands are observed at 
389 cm-1 (K-al), 400 cm-1 (Na-al) and 381 cm-1 (NH4-al). It is possible that these 
bands may be assigned to AlO stretching vibrations.  
 
 
 
Hydroxyl region 
 
 The Raman and infrared spectra of the OH stretching region are shown in 
Figures 7 and 8.  Raman bands are observed at 3509, 3482 cm-1 (K-al) 3492, 3457  
cm-1 (Na-al), 3511 and 3484 cm-1 (NH4-al).  The first band does not appear in the 
infrared spectra of these alunites. Infrared spectra show bands at 3479 cm-1 (K-al) 
3454 with a shoulder at 3486 cm-1 (Na-al), 3481 with a shoulder at 3513 cm-1 (NH4-
al).  Serna et al. states that the alunite cell is rhombohedral and that under the space 
group D53d, there should be only two OH stretching vibrations [27].  Serna et al. 
reported Raman bands at 3508 and 3481 cm-1 for (K-al) 3488, 3452 cm-1 (Na-al), 
3492 cm-1 (H3O+-al) [27].  The data on the Raman spectra  reported by Serna et al. are 
in good agreement with the results reported here. Studies have shown a strong 
correlation between OH stretching frequencies and both O…O bond distances and 
H…O hydrogen bond distances [49-52]. Libowitzky (1999) showed that a regression 
function can be employed relating the hydroxyl stretching frequencies with regression 
coefficients better than 0.96 using infrared spectroscopy [53]. The function is 
described as: ν1 = 1321.0
)(
109)3043592(
OOd −−
×− cm-1. Thus OH---O hydrogen bond 
distances may be calculated using the Libowitzky empirical function.  The values of 
the OH stretching bands lead to an estimation of hydrogen bond distances. For K-
alunite the bands at 3509 and 3482 cm-1 lead to hydrogen bond distances of 2.909 and 
2.872 Å; for Na-alunite the two bands at 3492 and 3457 cm-1 lead to hydrogen bond 
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distances of 2.884 and 2.8447 Å; and for NH4-alunite 3511 and 3484 cm-1 provides H 
bond distances of 2.912 and 2.874 Å. These hydrogen bond distances appear to fall 
into two groups at around 2.90 Å and 2.84-2.87 Å. X-ray crystallographic studies give 
a hydrogen bond distance of 2.92 Å which is in excellent agreement with the values 
estimated from the Raman OH stretching wavenumbers. It is suggested that two 
hydrogen bonds of slightly different strengths exist for alunites.  
 
Conclusions 
 
Alunites are part of a super group of minerals including jarosites and alunites 
and related minerals such as beaverite, kintoreite, and segnitite all of which can be 
characterised by their Raman spectra. The alunite spectra for the synthetic compounds 
[[M2(Al 3+)6(SO4)4(OH)12 ] where M is the monovalent cations K+, Na+, NH4+] are 
cation dependent.  Observation of multiple bands in the antisymmetric stretching and 
in the bending region proves a reduction in symmetry of the sulphate units.  
 
The alunite mineral group can be characterised by their Raman spectra. 
However the spectra of the natural minerals may not be the same as the synthetic 
minerals and whilst there may be some dependence of the characteristic vibrational 
frequencies for the sulphate units of synthetic alunites with the c cell parameter this is 
not necessarily the case for the natural minerals. Alunites are minerals which can 
function as collectors of heavy metals and low concentrations can be found in the 
natural alunites. Such minerals can act as a significant environmental sink [13].   
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Potassium alunite Sodium alunite Ammonium alunite 
Raman 298 K Raman 77 K Raman 298 K Raman 77 K Raman 298 K Raman 77 K 
Centre FWHM 
% 
Area Centre FWHM 
% 
Area Centre FWHM 
% 
Area Centre FWHM 
% 
Area Centre FWHM 
% 
Area Centre FWHM 
% 
Area 
3759.5 90.9 0.3             3514.0 18.6 8.4 
3524.3 31.8 1.2          3517.1 24.0 5.1 3508.6 5.6 7.0 
3508.9 18.6 0.6       3495.6 35.7 4.3 3511.2 8.5 6.2    
      3491.7 41.0 2.5 3483.6 17.1 5.9    3486.0 61.0 8.7 
3481.7 33.3 0.9 3475.3 23.1 2.3 3486.0 15.3 1.2    3483.6 16.4 9.4 3477.8 10.7 10.3 
3476.5 101.9 8.3 3442.9 56.3 11.3    3443.5 40.3 10.9       
      3457.0 166.2 7.8          
      3449.6 35.9 5.4    3438.9 126.2 6.0    
      3423.8 3.6 0.1          
3384.5 93.2 1.9                
      3282.8 316.1 13.5          
            1423.8 108.2 3.5    
            1257.7 34.3 0.3    
1228.4 54.5 0.7 1214.7 19.6 0.6             
1194.2 33.5 1.2 1174.8 64.2 3.2 1195.8 25.6 1.1    1188.8 17.5 3.3    
   1092.0 18.2 2.3 1167.5 56.1 8.3 1171.8 39.3 5.3 1170.2 105.7 3.6    
1158.0 33.0 1.4       1092.7 14.6 2.3 1152.8 13.1 1.2    
1082.5 15.2 0.6    1090.5 21.3 4.1 1092.1 122.3 10.5 1078.4 9.8 2.8 1080.7 8.2 3.7 
1051.1 8.5 0.1 1054.1 19.5 1.4             
1049.0 45.6 0.8                
      1029.9 11.4 16.1          
1026.4 10.7 7.2 1025.6 8.2 12.8 1027.0 5.7 1.7 1027.8 10.1 25.0 1026.3 6.6 11.5 1025.8 5.6 16.9 
            1023.4 4.7 1.2 1024.5 12.1 10.1 
1013.6 7.9 0.5 1010.6 10.4 2.1 1020.6 17.6 4.3 1015.2 9.6 3.6 1022.6 26.5 7.0 1010.8 32.7 3.3 
998.7 31.1 1.7 986.9 23.9 2.3 997.5 28.5 4.5 998.7 26.1 7.7       
989.3 14.8 0.5          985.5 30.1 3.8 982.2 13.1 4.8 
   665.1 15.9 3.1       981.0 9.4 0.5    
961.0 51.3 0.8                
773.3 70.5 1.3                
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   618.9 79.8 4.5 665.3 12.1 0.4 665.7 15.3 1.0       
655.3 11.3 1.2    653.6 12.0 3.8 653.6 9.1 4.8 655.1 7.7 3.8 655.5 7.7 7.0 
644.0 32.8 0.8       624.4 64.3 4.3 635.4 42.6 1.3    
      621.0 64.4 3.6          
607.8 55.0 2.3          604.9 27.9 1.6    
563.1 49.8 3.0 557.8 27.8 1.6 575.5 35.6 2.7 579.7 15.8 2.2 563.8 45.7 2.9 565.8 8.8 2.6 
            560.1 13.2 0.7    
      517.3 7.6 0.6 518.6 7.3 1.3       
      513.5 13.8 0.4 511.1 4.7 0.3       
504.8 9.6 0.4       502.6 4.0 0.3 508.1 7.8 1.9 509.6 5.9 1.8 
488.2 12.2 0.9 480.6 10.3 0.9 486.2 48.9 2.0 498.5 3.4 0.2 486.5 8.3 4.4    
481.7 89.2 5.9 456.2 22.7 5.5 485.5 11.2 1.3 485.6 11.3 2.6    493.3 23.2 1.5 
            453.3 134.6 3.5 486.2 5.7 3.5 
            452.3 24.1 0.3    
      403.0 180.7 5.8          
      400.7 18.1 1.9 401.8 15.5 2.5       
388.7 16.3 0.3          381.3 9.5 1.7 383.5 7.0 3.7 
373.4 126.0 6.3             364.2 7.6 0.2 
            357.2 78.2 2.2 346.8 11.0 1.8 
   329.6 12.1 1.0 348.0 32.6 1.0    346.6 14.9 1.7    
            295.7 47.5 1.1    
      254.7 10.6 0.4 259.3 7.1 0.5 258.9 6.2 0.1    
      251.2 53.8 1.9 240.4 7.4 2.9 250.6 46.2 2.1    
248.8 60.7 2.8          240.8 6.9 0.3 242.9 5.0 0.6 
235.3 14.5 0.9    238.0 13.1 2.3    235.2 7.7 4.2 237.9 5.3 3.8 
   218.4 24.0 2.2       219.9 12.5 0.2 233.4 3.9 0.2 
200.6 23.2 1.2 199.8 6.2 0.1    216.2 6.7 1.0 201.4 25.4 0.8    
   184.6 4.4 0.1 198.9 25.1 0.9 199.8 5.9 0.5       
   177.1 42.4 4.0             
   163.6 4.7 0.2             
 
 
Table 1 Results of the Raman spectroscopic analysis of alunites of potassium, sodium and ammonium at 298 and 77 K. 
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Potassium Alunite Sodium Alunite Ammonium Alunite 
Infrared 298 K 
Centre FWHM % Area Centre FWHM % Area Centre FWHM % Area 
      3597.6 91.4 0.9 
      3513.9 15.0 0.2 
3484.1 67.8 2.8 3489.1 25.3 0.4 3480.5 26.9 2.0 
   3450.1 47.2 2.9    
3427.2 128.1 2.1    3428.4 207.9 13.3 
   3415.5 144.9 3.3    
3300.5 207.8 3.5       
   3232.7 352.6 6.3    
      3221.9 261.5 20.7 
      3037.2 132.4 3.3 
      2908.4 279.5 10.5 
      1643.9 82.9 1.5 
1628.9 112.5 1.4       
      1443.4 62.1 2.1 
1244.4 39.0 1.7    1250.4 30.1 0.4 
1213.4 54.9 4.9 1223.5 56.0 5.2 1221.0 53.3 1.8 
1153.9 25.0 0.5       
1139.0 93.8 11.5 1140.2 97.7 15.3 1141.6 56.5 3.0 
      1114.6 29.2 1.4 
   1099.3 45.6 9.6 1099.3 18.9 0.6 
1082.5 61.6 14.4 1084.8 23.7 5.2    
1076.1 21.5 1.3       
   1066.0 19.3 4.6 1065.9 46.9 11.6 
1057.8 14.7 0.9       
1045.8 33.4 7.0 1049.5 19.6 3.0    
1024.1 9.7 1.1 1027.8 11.7 3.5 1024.3 7.8 0.4 
1017.8 67.2 7.4    1016.4 14.8 0.6 
1012.9 13.4 0.8 1015.2 18.7 1.4 1015.4 92.2 8.8 
985.7 18.7 1.1 992.9 17.1 0.7    
      931.3 52.5 0.7 
      823.0 32.6 0.1 
   709.9 64.9 2.1    
      689.4 89.0 4.5 
676.7 56.6 8.0 674.5 65.8 4.7    
660.6 20.3 3.9 657.7 24.5 1.8 665.3 41.1 2.4 
   632.6 23.2 4.1 636.7 10.7 0.3 
629.6 28.1 5.3       
616.7 18.5 2.0 618.3 18.3 3.2 620.2 23.6 2.8 
583.4 64.2 18.5 586.6 52.0 22.5 588.1 34.5 3.8 
      561.5 35.1 2.2 
524.6 186.8 0.0 524.6 152.3 0.0 524.6 124.1 0.0 
 
Table 2 Results of the infrared spectroscopic analysis of K, Na and NH4 alunites
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Figure 1  XRD patterns of K, Na, NH4 alunites 
 
Figure 2a Model of alunite structure along the 010 axis 
 
Figure 2b Model of the atom arrangements in alunites 
 
Figure 3a  Raman spectra of synthetic alunites in the 900 to 1300 cm-1 region at 298 
K. 
 
Figure 3b  Raman spectra of synthetic alunites in the 900 to 1300 cm-1 region at 77 K. 
 
Figure 4  Infrared spectra of synthetic alunites in the 800 to 1800 cm-1 region. 
 
Figure 5a  Raman spectra of synthetic alunites in the 150 to 750 cm-1 region at 298 K. 
 
Figure 5b  Raman spectra of synthetic alunites in the 150 to 750 cm-1 region at 77 K. 
 
Figure 6  Infrared spectra of synthetic alunites in the 500 to 800 cm-1 region. 
 
Figure 7  Raman spectra of synthetic alunites in the OH stretching  region. 
 
Figure 8  Infrared spectra of synthetic alunites in the OH stretching  region. 
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Figure 3b 
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Figure 4  IR 
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Figure 6 
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